Background {#Sec1}
==========

*Ascaris lumbricoides* is a soil transmitted intestinal nematode common in low socio economic communities where limited access to clean water, poor personal hygiene and sanitary facilities is widespread \[[@CR1]\]. It is estimated that more than 1 billion people are infected with intestinal parasitic infections worldwide and 10.5 million new cases are reported annually \[[@CR2]--[@CR4]\]. People of all ages are susceptible to infection, with the highest morbidity found in children due to low levels of acquired immunity and high exposure to contaminated soil \[[@CR5]\]. *Ascaris* worms obstruct the small intestine in young children and occasionally enter and block pancreatic and bile ducts \[[@CR6], [@CR7]\], thereby causing malabsorption of vitamin A and reduction of lactose digestion. This leads to growth retardation, undernutrition, impaired cognitive functions and low educational achievements in children \[[@CR8]--[@CR10]\]. The occurrence of parasitic infections and undernutrition has a negative impact on growth and development of the infected person \[[@CR11]\].

Nutrition is a major element of health and reflects the social and economic well-being of individuals and populations. Changes in body compositions affect the overall nutrition and health of a population. Undernutrition is one of the most common and persistent health problems in developing countries. It is an important underlying cause for more than half of child death \[[@CR12], [@CR13]\]. Undernutrition is often chronic, with deficits in dietary intake and high re-infection rates resulting in impaired physical and intellectual development \[[@CR14], [@CR15]\]. Anthropometry is widely used to assess health conditions and survival of individuals. It is a non-invasive and inexpensive measure of the nutritional status of an individual. Demographic and Health Survey (DHS) in 2006 reported that education level, household sanitation facilities and nutritional status were lower in the plantation sector, compared to urban and rural areas in Sri Lanka \[[@CR16]\]. A recent study has reported that 35.6%, 26.9% and 32.9% of children in the plantation sector in Sri Lanka were categorized as underweight, stunted and wasted respectively \[[@CR17]\]. In Sri Lanka, many studies reported that *Ascaris lumbricoides* was the commonest intestinal helminth infection among plantation sector school children \[[@CR18]--[@CR20]\]. However, information about the current health impact of *Ascaris lumbricoides* infection in Sri Lanka is insufficient. Hence, this study was designed to determine the prevalence and the intensity of *Ascaris* infection and the association with undernutrition in children in a tea plantation area of Sri Lanka.

Methods {#Sec2}
=======

Study area and population {#Sec3}
-------------------------

A cross-sectional study was carried out in Uduwela tea plantation area (7^0^ 13′ − 7^0^ 17' N and 80^0^ 37′ − 80^0^ 38′E) from January to April 2013. The study area is located in Kandy district and is 120 km away from Colombo, the capital city of Sri Lanka. It covers an area of about 2000 ha which is situated approximately 700 m above sea level, with an estimated population of 10,000 people in 2012. Annual average rainfall is between 2000 and 2500 mm and the average atmospheric temperature and humidity variations between 15 °C to 27 °C and 75% to 85% respectively. Most houses lack appropriate sanitation and portable water resources. As such, residents defecate in nearby jungles and retrieve water from streams and unprotected wells at low altitudes. Majority of residents in the study area are employed in tea plantations as unskilled laborers. This plantation area has been divided into seven sub-administrative divisions. Out of these divisions, three divisions were randomly selected by a lottery method. The target participants for the study were children in 1--12 years age group in the selected divisions. The sample size was calculated using the equation n = t^2^ × p (1-p)/ d^2^ where *n* = required sample size, *p* = estimated prevalence, *t* = 95% confidence level at 95% and d = margin of error at 5%. The estimated prevalence of *Ascaris* infections was taken as 30% in accordance with a recent survey of the plantation sector reporting a STH infection prevalence of 30% in children. On this basis, the minimal sample size was 323. As cluster sampling used in this study, a design effect was taken as 1.5.Thus the final sample size was 489.

Collection of data {#Sec4}
------------------

Before the commencement of the study, the objectives of the study were explained to all parents/guardians whose children were selected for the study. An interviewer administrated structured questionnaire was administered to collect socio - demographic characteristics (which included gender, age, number of rooms and family members) and data on de-worming practice. The questionnaire was designed in Sinhala and Tamil. Anthropometric measurements of height and weight were collected following Gibson's guidelines using anthropometric rods and digital weighing scales to the nearest 0.1 cm and 0.1 kg, respectively in their homes \[[@CR21]\]. Children stood on the floor without shoes and made sure that their shoulders, buttocks and the back of the head was in contact with the vertical backboard. Height of the selected children was measured as the maximum distance to the vertical position to the head from heels by using a stadiometer (SECA model 240). Weight was measured for children wearing light weight clothes, ensuring that their trunk was vertical above the waist and the arms and shoulders were relaxed.

A clean and dry wide mouthed container (with the identification number) was given to all the participants for the collection of stool samples. Parents and guardians were instructed to ensure that small proportions of stool were collected and the samples were not contaminated with water or urine. Stool samples were collected the following morning from their homes and transported to the Parasitology laboratory, University of Peradeniya within 2 hours of collection.

Sample processing {#Sec5}
-----------------

Stool examination was conducted by experienced laboratory technicians at University of Peradeniya. Each stool sample was concentrated using formalin-ethyl acetate sedimentation technique \[[@CR22]\]. Direct wet mounts were then prepared using Lugol's iodine as well as in normal saline and examined microscopically under high power (× 40). Positivity of infection was based on the identification of *Ascaris* eggs. In addition, *Ascaris* eggs were quantified by Kato Katz technique to determine the intensity of infection \[[@CR23]\]. Three slides made from each sample and every slide was read within 30--60 min. The recommended template of 41.7 mg was used and the average number of eggs counted was multiplied by 24 to get the number of eggs per gram of feces (EPG) \[[@CR24]\]. Intensity of Ascaris infection was estimated as EPG (eggs per gram of feces) and classified into light, moderate and heavy with a definition of 1--4999 EPG, 5000--49,999 EPG and ≥50,000 EPG, respectively \[[@CR25]\].

Statistical analysis {#Sec6}
--------------------

Data was entered into Microsoft Excel 2007 sheet and cleaned to ensure accuracy (compared with questionnaires). Statistical analyses were performed using SPSS version 17 (SPSS, Chicago, IL, USA) statistical package. The descriptive data of continuous variables and proportions of categorical variables was expressed to obtain an understanding of socio-demographic characteristics of the study community.

Nutritional indicators were classified and standardized into sex-specific Z-scores for height-for-age (HAZ), weight-for-age (WAZ) and weight-for-height (WHZ) by WHO AnthroPlus 1.0.4. In addition, Z values for weight for height of children greater than 9 years old were determined using Epi Info 3.5.1. Children were classified as stunted, underweight and wasted when the Z scores of HAZ, WAZ and WHZ were less than - 2 standard deviation (\< -2SD) respectively. This enabled estimation of the prevalence of undernutrition (i.e. underweight and/or wasted and/or stunted) in the study participants and subsequent evaluation of the effect of infection on this estimate. The association between the positivity of *Ascaris* infectivity with categorical variables (e.g., gender, age group, number of rooms, number of family members, deworming period, stunting, underweight and wasting) and continuous variables (e.g., HAZ, WAZ and WHZ) were calculated using the Chi square test (X^2^) and student t-test respectively. One-way ANOVA was applied to analyze differences in anthropometric mean Z-scores with the intensity of infections (light, moderate and heavy).

Multiple linear regression was used to determine the association between anthropometric indicators (HAZ, WAZ and WHZ) and infection status and intensity. Multiple logistic regression analysis was applied to determine the predictive effect of stunting, being underweight and wasting on the intensity and infection status. *Ascaris* infection status and the intensity were considered as dependent variables while socio demographic characteristics were considered as independent variables for both logistic and linear regressions. The differences were considered to be statistically significant when the *p* value was less than 0.05 at 95% confidence interval (CI) for the multivariate regression analysis.

Ethical considerations {#Sec7}
----------------------

The ethical approval for the study was obtained from the Ethical Review Committee (ERC), Faculty of Allied Health Sciences, University of Peradeniya, Sri Lanka. Permission to conduct the study was given by the administrative authorities of the tea plantations and written informed consent was obtained from the parents/ guardian of the children who formed part of this study. Laboratory reports were issued with the signature of the Head of the department (Department of Parasitology) with recommendations. After the examination of stool samples, all children infected with ascariasis were administered anthelmintic treatments (single dose of 400 mg Albendazole) under the supervision of administrative and medical authorities.

Results {#Sec8}
=======

Prevalence and intensity of *Ascaris*infections {#Sec9}
-----------------------------------------------

Four hundred eighty nine children with the mean age of 6.2 (SD = 3.4) years were recruited into the study and 249 (50.6%) of the participants were females. A total of five parasites were identified with *Ascaris lumbricoides* (38.4%, 188/489) followed by *Entamoeba coli* (16.6%), *Enterobius vermiularis* (2.0%), *Endolimax nana* (1.8%) and *Giardia lamblia* (0.2%). Children who lived in houses with one or two bedrooms and had more than five family members showed higher prevalence of *Ascaris* infection. Children who had taken anthelmintic treatments more than 6 months before conduction of the study were 1.6 times more likely to be infected than those were treated within last 6 months (*p* = 0.019). Approximately half of the infected children (51%, 96/188) were suffering from light intensity infections while 30% (57/188) and 19% (35/188) of children had moderate and heavy intensity infections respectively (Table [1](#Tab1){ref-type="table"}).Table 1Risk factors associated with *Ascaris* infections (*n* = 489)Infection statusInfection intensityVariablesPositiveNegative*p* valueLightModerateHeavy*p* valueGender Male91 (37.9)149 (62.1)0.90348 (52.7)27 (29.7)16 (17.6)0.977 Female97 (39.0)152 (61.0)48 (49.5)30 (30.9)19 (19.6)Age groups (years) 1--693 (38.8)158 (61.2)0.28951 (54.8)25 (26.9)17 (18.3)0.644 7--1295 (39.9)143 (60.1)45 (47.4)32 (33.7)18 (18.9)No. of rooms 1--281 (40.3)120 (59.7)0.48246 (56.8)19 (23.5)16 (19.8)0.289  \> 2107 (37.8)181 (62.8)50 (46.7)38 (35.5)19 (17.8)Family members  ≤ 575 (37.5)125 (62.5)0.72142 (56.0)18 (24.0)15 (20.0)0.480  \> 5113 (39.1)176 (60.9)54 (47.8)39 (34.5)20 (17.7)Deworming period  ≤ 6 months67 (32.2)141 (67.8)0.01531 (46.3)23 (34.3)13 (19.4)0.074  \> 6 months121 (43.1)160 (56.9)65 (53.7)34 (28.1)22 (18.2)

Nutritional status of children {#Sec10}
------------------------------

Prevalence of undernutrition among children in this community was 61.7% (302/489). The most common type of undernutrition in this community was being underweight (45%, 220/489) while 23.3% (*n* = 114) and 20% (*n* = 98) of children were stunted and wasted respectively (Fig. [1](#Fig1){ref-type="fig"}). However, no significant association was found between *Ascaris* infection status and undernutrition. Non-infected children had higher mean values of HAZ, WAZ and WHZ than infected children (Fig. [2](#Fig2){ref-type="fig"}). Results of the one-way ANOVA analysis revealed that mean values of nutritional indicators were not significantly associated with infection intensities of *Ascaris* infections (Table [2](#Tab2){ref-type="table"}).Fig. 1Prevalence of stunting, underweight and wasting among *Ascaris* infected children. (Vertical bars indicate 95% confidence interval)Fig. 2Mean Z scores of HAZ, WAZ and WHZ of infected and non-infected children. (Vertical bars indicate 95% confidence interval)Table 2Nutritional characteristics of the study groupInfection statusIntensity of infectionsNutritional indicatorsInfectedNon-infected*p*-value^b^LightModerateHeavy*p*-value^c^Stunted (\< − 2 SD HAZ)45 (39.5)69 (60.5)0.79719 (42.2)15 (33.3)11 (24.4)0.519Underweight (\<− 2 SD WAZ)89 (40.5)131 (59.5)0.40944 (49.4)32 (36.0)13 (14.6)0.259Wasted (\< − 2 SD WHZ)35 (35.7)63 (64.3)0.53423 (65.7)10 (28.6)2 (5.7)0.123Mean HAZ score^a^−1.32 (1.19)− 1.21 (1.10)0.309− 1.13 (1.35)− 1.39 (1.02)− 1.69 (0.84)0.055Mean WAZ score^a^− 1.83 (0.85)− 1.74 (0.94)0.276− 1.82 (0.94)− 1.89 (0.72)−1.80 (0.82)0.674Mean WHZ score^a^−1.65 (0.96)−1.63 (1.08)0.884−1.28 (1.03)− 1.62 (0.80)−1.80 (0.92)0.090^a^For continuous variables, values in parentheses are the standard deviation^b^Independent t-test used for continuous variables and chi-square test used for discrete variables^c^One-way ANOVA used for continuous variables and chi-square test used for discrete variables

Associations between STH infections and nutritional status {#Sec11}
----------------------------------------------------------

Multiple logistic regression revealed that age and gender was significantly associated with being underweight. Female children were 1.8 times more likely to be underweight (OR = 1.78; CI = 1.22--2.58, *p* = 0.003) than male children. Children in the age group of 7--12 year were 1.5 times (OR = 1.50; CI = 1.04--2.16, *p =* 0.030) more likely to be underweight. Children living with more than 5 family members were 1.6 times more likely to be stunted (OR = 1.61; CI = 1.02--2.53, *p =* 0.040) than those living with less than 4 family members. However, no demographic factors were found to be significantly associated with wasting in this study group. Infection intensity and/or infection status were not found to be significantly associated with nutritional indicators.

Estimated coefficients (β) from multiple linear regression models are shown in Table [3](#Tab3){ref-type="table"}. Heavy infections with *Ascaris lumbricoides* were significantly correlated with a decrease in WHZ scores (β = − 0.20, 95% CI = − 0.31 to − 0.03, *p* = 0.020). However, the intensity was not correlated with HAZ and WAZ scores. Children of the female sex and those aged between 7 to 12 years showed significant negative correlations between WAZ (β = − 0.14, 95%CI = − 0.23 to − 0.05, *p* = 0.003and β = − 0.11, 95% CI = − 0.19 to − 0.02, *p* = 0.021 respectively). Conversely, HAZ and WHZ scores were not correlated with age and gender. Children who lived in houses with more than 2 rooms were positively correlated with WHZ and children with more than five family members were negatively correlated with HAZ (β = 0.08, 95% CI = 0.01 to − 0.15, *p* = 0.070 and β = − 0.09, 95% CI = − 0.16 to − 0.01, *p* = 0.046 respectively).Table 3Multiple analysis of nutritional status of the study groupHAZWAZWHZVariablesCategoryCoefficient (β) (95% CI)*p* valueCoefficient (β) (95% CI)*p* valueCoefficient (β) (95% CI)*p* valueGenderMale111Female− 0.05 (− 0.12, 0.04)0.338− 0.14 (− 0.23, − 0.05)0.003− 0.02 (− 0.09, 0.06)0.668Age (Years)1--61117--12− 0.04 (− 0.11, 0.04)0.413− 0.11 (− 0.19, − 0.02)0.021− 0.02 (− 0.09, 0.02)0.644No. of rooms1--2111\>  20.05 (− 0.04, 0.12)0.286− 0.05 (− 0.14, 0.04)0.3050.08 (− 0.01, 0.15)0.070Family members≤ 5111\> 5−0.09 (− 0.16, − 0.01)0.0460.01 (− 0.08, 0.10)0.8530.07 (− 0.02, 0.13)0.143Deworming period≤ 6 months111\> 6 months0.03 (−0.05, 0.10)0.5070.03 (−0.06, 0.12)0.524−0.03 (− 0.10, 0.05)0.501Infection intensityNegative111Light−0.02 (−0.12, 0.08)0.7130.02 (−0.09, 0.14)0.6600.02 (−0.08, 0.11)0.710Moderate0.02 (−0.10, 0.15)0.6890.06 (−0.06, 0.23)0.2290.01 (−0.07, 0.09)0.618Heavy0.06 (−0.05, 0.24)0.209−0.04 (− 0.24, 0.10)0.433− 0.11 (− 0.31, − 0.03)0.020Infection statusNegative111Positive0.01 (−0.07, 0.09)0.8200.03 (−0.06, 0.12)0.510−0.03 (− 0.10, 0.05)0.455

Discussion {#Sec12}
==========

According to the results of the present study, *Ascaris lumbricoides* infection is a major public health problem in the study group. This was relatively lower than previous research in plantation sector \[[@CR19], [@CR20], [@CR24]\] and higher than studies conducted in rural areas and urban slums of Sri Lanka \[[@CR26]--[@CR28]\]. Several studies conducted in India \[[@CR29]\], Malayasia \[[@CR30]\] and Cuba \[[@CR31]\]. have reported similar results. Poor sanitation and personal hygiene, poverty and lack of clean portable water in this study area could be probable reasons for the high prevalence of *Ascaris* infections noted in this study. Most children defecate indiscriminately in the backyards and bushes around dwelling places due to lack of latrine facilities. The eggs of *Ascaris* are more resilient helminth eggs that can remain in the infective stage for years embedded in the soil \[[@CR32]\]. Therefore, soil pollution with *Ascaris* eggs is a major risk factor for the development of infection. As the eggs are very sticky, they readily adhere to raw fruits and vegetables, which are washed with contaminated water or fertilized with contaminated night soil. They may also circulate in household dust and air where they are inhaled or swallowed \[[@CR33]\].

There was no significant difference in prevalence of *Ascaris* infection between males and females. This agrees with previous studies conducted in Sri Lanka \[[@CR19], [@CR24]\], as well as in Nigeria \[[@CR34]\] and Brazil \[[@CR35]\]. The prevalence and intensity of *A. lumbricoides* infection was higher in older children (7--12 years). Children of this age period often spend their leisure time outdoors, engaging in ctivities such as playing with sand and eating unclean food remains under the trees with unwashed hands. Therefore, the possibility of exposure to the infective stage of *Ascaris* parasites is higher among school children than pre-school children.

Unscheduled deworming practices are common in this community. Lack of anthelminthic drug availability and the absence of proper deworming programs in the plantation sector are major factors which contribute to high rate of re-infection in children of this community. Therefore, long-term interventions in the community level are necessary to reduce the prevalence and intensity of STH infections \[[@CR36]\].

Values of nutritional indicators in a majority children observed in the present study were lower than the WHO standard values for growth and nutrition. However, similar results have been reported by the demographic and health survey (DHS) in 2006 which found that 42% of children under 5 years were stunted, 30% were underweight and 13% were wasted in the plantation sector of Sri Lanka \[[@CR17]\]. Furthermore, a food and nutrition survey in 2012 reported that 13.1%, 19.6% and 23.5% of children under 5 years in Sri Lanka were stunted, wasted and underweight respectively. In addition, 8.9% and 28.3% of children aged between 5 and 10 years and 17.3% and 25.3% of children aged between 11 and 15 years were stunted and wasted respectively \[[@CR37]\]. However, there was no significant association between *Ascaris* infections and the children's nutritional status. Socio-economic factors and dietary habits could be major reasons for the high prevalence of parasitic infections and low nutritional status.

Low height-for-age index identifies stunting which is associated with long-term undernutrition, infections and poor food intake, subsequently affecting the cognitive development of the children \[[@CR38]\]. Low level of education, especially among mothers, is a notable cause of poor nutritional status in the plantation sector. Poor nutrition from early childhood causes stunting in school going children \[[@CR39]\]. In the present study, a large household size (more than 5 family members) was found to be at significantly higher risk of stunting possibly due to inadequate food supply for children in large households. Community based studies conducted in South Africa and Brazil reported that children living with more family members were more likely to be stunted \[[@CR40], [@CR41]\]. In addition, a study in rural Malaysia reported that stunting was associated with moderate-to-heavy intensity of *Ascaris* infections \[[@CR42]\]. However, no significant association was found between stunting and intensity of infections among children in the studied population. Interestingly, we found that the risk of stunting among infected children decreased with age. This supports the reasoning that socio-economic factors and dietary habits are important factors influencing the nutrition status among children in this community.

Being underweight is an indicator of both short term (acute) and/or long term (chronic) undernutrition. In the present study, around half of the children (45%) were found to be underweight, which is similar to that reported in India \[[@CR43], [@CR44]\]. Low dietary intake, poverty and excessive energy outflows could be possible reasons for the higher prevalence of underweight children \[[@CR45]\]. Mothers in the plantation sector work in tea estates during the daytime and have very limited time to feed their children. It could result in adequate intake of energy for children, especially at the age of 7--12 years, who need more energy for growth and development. We found that female children are at higher risk of being underweight than males.

Low weight-for-height index is a nutritional indicator of wasting for a specific age and is useful to determine children at risk and for assessing short-term (acute) nutritional changes. However, weight-for-height is usually not appropriate for evaluating changes in a population over longer time periods \[[@CR46]\]. Failure to gain weight or weight loss due to poor dietary intake, disease, and infection can cause wasting \[[@CR47]\]. High prevalence of wasting indicates a high prevalence of infections and acute undernutrition present in the study group. In the present study, any socio-demographic factors were not significantly associated with wasting.

With regard to Z scores, mean values of all nutritional indicators (HAZ, WAZ and WHZ) decreased rapidly from year two to year three and then relatively flattened until the age of 12 years. *Ascaris* infected children showed lower mean Z scores of anthropometric indices compared to non-infected children. In addition, we found that heavy intensity infections are significantly associated with negative values of WHZ. This is in contrast to a study in Honduras which reported that moderate-to-heavy infections were significantly associated with decreased values in WAZ and HAZ \[[@CR48]\]. Low values of WHZ leads to loss of appetite and poor nutrient digestion and absorption, which finally results in decreased growth and development and poor cognitive function.

Conclusions {#Sec13}
===========

*Ascaris lumbricoides* infection was found to be highly prevalent and is a major public health concern in this community. However, it is not a contributing factor for undernutrition. Integrated control programs based on chemotherapy in combination with health education and strong community involvement must be considered to decrease the prevalence of parasitic infections and the improvement of health and nutrition status. Future detailed research with long term follow up on the nutritional impact of *Ascaris* infection in this study area is required.
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